The problem of maximal traffic capacity in the city at the rush hours by controlling the traffic lights at intersections is considered. The mathematical model of traffic control is given. To describe the model the oriented graph with changeable configuration is used. The model is a system of recurrent equations. It describes the change of traffic at each part of the road after the change of traffic light phase. The optimal control problem for traffic is formulated as a problem of discrete dynamic optimization. To solve the problem the genetic algorithm is used. The example is given.
INTRODUCTION
Nowadays the traffic control problem is important for big cities. At rush hours a considerable number of cars fills roads between intersections. If sections cannot coupe with a demanded number of cars then an overflow occurs. The cars stack in the intersections and do not respond to the traffic light phases. It leads to traffic jams. To avoid the overflow it is necessary to take into consideration the number of cars and traffic lights phases at adjoining roads.
The traffic light phases control at intersections helps to increase the traffic capacity and minimize the probability of traffic jams.
Known mathematical models of traffic flow control [Ardekani S.A., Herman R. (1987) ], [Assad A.A. (1978) ], [Mauro V. (1991) ], [Robertson D., Bretherton R. (1974) , (1991) ] do not consider the control by means of traffic lights. As a rule the models use a continuous flow moving in all admissible directions. The traffic flow control problem by means of traffic lights is to divide the flow and then to direct the flows in possible directions taking into account overflow of roads and traffic capacity in intersection.
If the network contains intersections on the main road then the "green wave" mode is applied. At this mode the traffic light phases are calculated to maximize the velocity of the main traffic. When the main traffic reaches the intersection, the green phase is switched on. In this paper we consider that all traffic flows are equal and the network configuration is free.
To solve the problem it is necessary to develop the mathematical model of traffic control by adjusting the traffic light phases. The number of cars and traffic lights phases at adjoining roads must be taken into consideration.
THE MATHEMATICAL MODEL OF THE CONTROL OBJECT
To develop the mathematical model of traffic flow control we use an oriented graph with adjustable configuration. Let each road with the traffic flow between two neighboring intersections be the node in a graph. Let each maneuver between roads in the intersection be the edge in the graph.
Then we obtain the directed graph for urban road network.
Let us consider the road network shown in Fig. 1 . The network has two intersections and fourteen sections. The numbers of sections are given in the circles. Possible maneuvers at intersections are dot lined.
Fig. 1. The road network with two intersections
The oriented graph for the given network is shown in Fig. 2 .
The traffic is controlled by changes of traffic lights phases. Suppose that at intersections 1 and 2 in the network in Fig. 1 we have a three phase traffic light.
For example in intersection 1 we have a) phase 0 allows a flow from 1 to 7 and 14, and from 8 to 9; b) phase 1 allows a flow from 2 to 14, and from 6 to 10, and from 8 to 10; c) phase 2 allows a flow from 1 to 10 and 14, and from 2 to 9.
For intersection 2 we have a) phase 0 allows a flow from 4 to 8 and 11, and from 5 to 8 and 12; b) phase 1 allows a flow from 3 to 13, and from 5 to 13, and from 7 to 13; c) phase 2 allows a flow from 3 to 12 and 13, and from 4 to 11, and from 7 to 12; For example, if the phase 0 is switched on in the intersection 1, and the phase 2 is switched on in the intersection 2, then we get the graph shown in Fig. 3 . We control the traffic flows by means of traffic lights phases in intersections. To describe the choice of phases in intersections we use a control vector
where M is a number of intersections in a road network,
A maximum number of configurations for the road networks is
To describe a basic graph we use a connectivity matrix
where L is a number of roads in a network or nodes in a graph.
To describe relations between components of control vector and edges of the basic graph we use a control matrix 
. The structures of partial graphs are described by connectivity matrices of configurations. ( )
The restrictions on maneuvers of traffic flows between roads are described by capacity matrices
where ij b is a restriction on maneuver from section i to section j .
A traffic flow distribution on roads is described by a distribution matrix
( 2.9) where ij d is a part of traffic flow that comes from section i into section j .
Distribution matrix elements must fulfill the condition
We have the following matrices A , C and F for the 
where ☼ is a Hadamard product or element-wise production of matrices.
To describe the traffic values we use a flow vector
where i
x is a value of flow on the section i .
We suppose that the traffic light phases are exactly divided on the given value called a control step. At each control step 
, (2.14)
Values of flow vector are determined as a difference between the value of flow vector at previous moment and the minimum among increments (2.14) and (2.15)
(2.16)
In (2.16) a minimum is computed by each component
In the second step we obtain
As a result we obtain the mathematical model of traffic flow control
(2.22)
THE PROBLEM STATEMENT
Suppose we have an urban network with L roads and M intersections. Traffic light has + i u phases in intersection i .
We have a connectivity matrix (2.3) for a basic graph, a control matrix (2.4), an allowable phase matrix (2.5), a capacity matrix (2.8) and a distribution matrix (2.9). 
The control has to minimize the object function I is the set of input roads' numbers, 2 I is the set of output roads' numbers.
All flow values have to satisfy the restrictions
We include restrictions (3.3) in the object function (3.2)
where s is a penalty coefficient.
Assume that the network includes the roads without restrictions. These can be output roads 2
we can substitute expressions
NETWORK OPERATOR METHOD
To solve our problem we use the network operator method [Diveyev, A.I. and Sofronova, E.A. (2008) ], [Diveev, A.I. and Sofronova, E.A. (2009a) , (2009b)], [Diveev, A.I. (2010) ]. The network operator allows to describe mathematical expression in a form of directed graph. The edges of the graph relate to unary operations. The nodes of the graph relate to binary operations. The source nodes relate to the arguments of the mathematical expressions.
For the traffic control problem we have integer unary and binary operations ( ) ( ) ( )
We use an input integer variable y for control (3.1) ( )
AN EXAMPLE
We consider the network in Fig 1. The network has the following distribution and capacity matrices respectively 
